To compare the in vivo functions of dATM and mei-(A-T), resulting in hypersensitivity to ionizing radiation 41, we first examined their developmental expression (IR) and increased cancer susceptibility. Cells from A-T patterns. The dATM gene is expressed at relatively low patients exhibit chromosome aberrations and excessive levels throughout development and at much higher levspontaneous apoptosis. We used Drosophila as a els in adult females compared to males ( Figure 2A ). model system to study ATM function. Previous studies Similarly, mei-41 is expressed at high levels in adult suggest that mei-41 corresponds to ATM in Drosophila females and ovaries (data not shown) and was required [3]; however, it appears that mei-41 is probably the for meiosis, suggesting a potential role for both genes ATR ortholog [4]. Unlike mei-41 mutants, flies deficient in the female germ line. for the true ATM ortholog, dATM, die as pupae or
between the two alleles (Table S1 ). Moreover, we subselaid a very small number of eggs that did not hatch, indicating that dATM is required for female fertility. In quently obtained two additional dATM alleles that exmouse models, ATR is an essential gene [13, 14], hibit homozygous lethality from the Exelixis transposon whereas ATM is dispensable for normal development disruption collection. Together with similar findings from and viability, although homozygous mutant mice exhibit two accompanying reports indicating that homozygous immune defects, growth retardation, and sterility [15]. loss of dATM causes lethality, these findings suggest In Drosophila, we found the mei-41(ATR) mutant to be that the ⌬11 and ⌬356 alleles are strong hypomorphic maternal lethal and nullizygous dATM mutants to be loss-of-function dATM alleles. lethal. Thus, unlike its mammalian counterpart, DrodATM, mei-41, grp, and dChk2 are close orthologs of sophila ATM plays a critical developmental role. mammalian DNA damage checkpoint genes that are all highly expressed in Drosophila females relative to males [4] . The encoded checkpoint protein kinases presumdATM Protects Cells from p53-Mediated Apoptosis and Chromosomal Damage ably respond to DNA double-strand breaks generated during meiotic recombination. Notably, meiotic recomduring Development Ataxia-telangiectasia (A-T) patients and ATM-deficient bination in Drosophila occurrs only in females. Moreover, mammalian ATM and ATR localize to synapsed mice exhibit grossly normal development. Interestingly, the dATM mutant flies that eclosed all exhibited obvious and unsynapsed regions of meiotic chromosomes, respectively, suggesting a role for these proteins during defects in eye and wing morphogenesis. The eyes were reduced in size and exhibited a uniform surface meiotic recombination [11] . In Drosophila, most mei-41 alleles are recessive female sterile, and females homoroughness and missing bristles ( Figures 3A and 3C ). The wings exhibited notches and, in some cases, blisters zygous for the more fertile hypomorphic mei-41 alleles exhibit reduced meiotic exchange [12]. The ⌬356 dATM (Figures 3D and 3E) . When the stronger alleles of dATM were crossed to the ⌬11 and ⌬356 alleles, escapers with mutant females did not lay eggs, whereas ⌬11 females eye and wing defects were also observed, consistent sive spontaneous apoptosis seen in dATM mutants was largely restricted to the proliferating cells anterior to the with the hypomorphic nature of those alleles (Table S1 ).
To determine the basis for these phenotypes, thirdmorphogenetic furrow and that there was evidence of reduced neuronal differentiation and abnormal patinstar wing discs or eye discs were isolated and examined for morphology and for apoptosis by TUNEL stainterning of differentiated cells ( Figure S1 ). Thus, dATM appears to protect proliferating cells from apoptosis and ing. Although wing and eye disc morphology appeared to be normal, dATM mutant discs were somewhat reconsequently affects their capacity to differentiate. In addition to the high level of spontaneous apoptosis duced in overall size (data not shown) and exhibited a substantial increase in TUNEL-positive cells with relaobserved in dATM mutants, we observed that in neuroblasts from dissected brain imaginal discs of dATM mutively few apoptotic cells detected within wild-type discs (Figures 3F and 3I Figures 5Gand 5H) . In mei-41 mutant wing discs, cells continued to cycle throughout the time arrest [21] . Moreover, Chk1 and Chk2 have temporally points tested as previously reported ( Figures 5C, 5F , seen in the dATM mutant larval tissues and no apparent increase in apoptosis following IR ( Figure S3) ; however, and 5I and [23] ). These results suggest that dATM is involved in the early phase of G2 arrest and mei-41 has we observed that most of the third-instar larvae exhibited black "growths," characteristic of so-called melaa major role in late response. The observed temporal differences in the IR-mediated checkpoint are consisnotic tumors ( Figure S4 ). The underlying basis for these growths is not known, but it suggests that there is some tent with those found in mammals [2] .
We also examined potential functional redundancy developmental context in which these two genes function redundantly. The mechanisms underlying the disbetween dATM and mei-41 by generating double mutants. Flies harboring mutations in both genes exhibited tinct and overlapping functions of dATM and mei-41/ ATR are likely to involve the upstream activation signals the same excessive level of spontaneous apoptosis 
